THIS PAGE IS INSERTED BY OIPE SCANNING 
AND IS NOT PART OF THE OFFICIAL RECORD 



Best Available Images 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

BLACK BORDERS^ 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 

BLURRY OR ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 

COLORED PHOTOS HAVE BEEN RENDERED INTO BLACK AND WHITE 
VERY DARK BLACK AND WHITE PHOTOS 
UNDECIPHERABLE GRAY SCALE DOCUMENTS 



IMAGES ARE THE BEST AVAILABLE 
COPY. AS RESCANNING WILL NOT 
CORRECT IMAGES, PLEASE DO NOT 
REPORT THE IMAGES TO THE 
PROBLEM IMAGE BOX. 



esp@cenet - Document Bibliography and Abstract Page 1 of 1 



Water purification yst ms 

Patent Number: r US6017461 

Publication date: 2000-01 -25 

lnventor(s): REID RANDOLPH EUAN IRVINE (GB); GARVEY ERNEST SYDNEY (GB) 
Applicant(s): 

Requested Patent: f WO9628390 
Application 

Number: US1 998091 3422 1 9980223 

Priority Number(s): WO1996GB00641 19960315; GB1 99500051 69 19950315 

IPC Classification: C02F1/467 

EC Classification : C02F1/46H . C02F1/68P2 . E04H4/12A 

Equivalents: AU5114596, T AU733841 . CA2215370. T EP0869919 (WO9628390). 
JP11504562T. NZ304058 



Abstract 



PCT No. PCT/GB96/00641 Sec. 371 Date Feb. 23, 1998 Sec. 102(e) Date Feb. 23, 1998 PCT Filed Mar. 
15, 1996 PCT Pub. No. WO96/28390 PCT Pub. Date Sep. 19, 1996An ion supply unit for a water system 
which is to have its contents purified includes a tank fed from a main water supply and an electrolytic ion 
generator including silver alloy electrodes. A pump circulates water from the tank through the ion generator 
and back into the tank at a rate of at least 1 Us to gradually ionize the contents of the tank and generate a 
concentrate of silver-ion-iaden water. An injector feeds the concentrate into the water system as required. 
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The present invention relates to water purification systems. 

Water supplied by put)lic utilities is nonmally treated to reduce the micro-organism content to safe lev Is. 
However, in many water-using systems, it is possible for micro-organisms to grow. Among the conditions 
which favour this are th maintenance of water in static form (so that micro-organisms can build up), 
warmth, light, and the possibility of the accumulation of contaminents on which the micro-organisms can 
feed. 

The control of such micro-organisms in water is therefore often of major importance. In swimming pools, 
the control of algae is required for both safety and esthetic reasons, in air conditioning systems, the control 
of bacteria such as Legionella pneumophile is a well*known requirement; and in commercial and industrial 
water systems (and especially in hospitals and similar establishments) which distribute water for cooking, 
drinking, and/or washing purposes, there is also often a need for active control of micro-organisms. 

Various techniques for water purificatton in such systems are known. 

One known technique consists of the introduction of suitable metal ions into the water. In particular, silver 
ions are an effective bactericide and copper ions are on effective fungicide. Suitable ion concentrations are 
typically in the regton of 0.01 to 1 ppm (parts per million). The technique is sometimes termed electronic 
water purification, as such ions can be introduced into the water electrolytically, by using anodes of silver 
and copper. This is typteally achieved by recirculating the water to be treated through a chamber containing 
the anodes, fliough in some situattons the water may be treated as it is introduced into the system. 

This technk|ue has certain advantages over other techniques such as the addition of chemtoai biocidal 
compounds. In suitable circumstances the metal ions are maintained indefinitely in the water until an 
organic mass such as bacteria and algae absorbs them, and their concentration is normally tow. However, 
this technique suffers from various disadvantages, since it Is dependent on a variety of factors which 
influence the efficiency of ton production. These factors indude the chemtoai make-up of the water, its pH, 
tiie levels of other metals present, ttie presence of any organto matter, and any chemical reactions that 
have taken place. Ail of these can have a considerable effect on the measurable results. Some will affect 
ion production rate dissimitariy for the different metals (eg silver and copper) of the anodes. Others will 
cause chemical conversion, drop-out of ions, or absorptton of the metals. 

Considering some of these matters in more detail, if the circulation over the anodes is not sufficient, 
released hydrogen may not be cleared; this may result in the formation of gas pockets in the chamber, and 
there are potential fonmations of chemical combinations on tiie anodes which inhibit ion release. In hard 
water areas, scale tends to buiki up on the anodes, inhibiting ion release. With very hard water, such as in 
a pooriy maintained swimming pool, the hardness may also, in combination witti high pH (high alkalinity) 
causing over-satijration of the water, result in the copper falling from its ionic state. Also, if chlorine is 
present in the water, especially at the levels accepted as good practice in swimming pools, copper chtoride 
and other salts can buikl on tiie anodes; this is noticeable on Uie non-tonizing faces of the anodes, 
especially when the circulation rate is low. The water temperature also effects the contact time for silver 
ions to kill bacteria; in hard water the kill time for Legionella pneumophila is reduced by 60% for a 
temperature rise fix)m 20 DEG C. to 39 DEG C. 

In addition, the efftoacy of the metal ions depends on a variety of factors. Thus the hardness (level of 
calcium) in the water affects the time taken to kill micro-organisms; for hardness in the range 0-400 ppm, 
the time for a 99.9% kill increases by about 200 g for each 10 ppm increase in hardness at 20 DEG C, pH 
7.0. For chtorine, 10 ppm of chloride increases the contact time for a 99.9% kill by 25% and 100 ppm 
increases the kill time by 70%. (However, the presence of phosphates has no appreciable effect on 
perfomnance of silver as a bactericide) 

A furttier problem is that the rate of ion production is dependent on the conductivity of ttie water. Pure 
water is non-conductiv , hence ions cannot be produced in it by this means, increases in water 
conductivity between the anodes will obviously increase the ion production for a given current applied to 
the anodes. If control is by a simple potentiometer, set for tiie application, then any chances in conductivity 
of tiie water due to take-up of contaminants will increase the ion production. Some electronto water 
purifiers have a built-in mechanism to compensate for this; however, this increases their complexify, and 
the probes used for this control may malfunction due to fouling. Also, the rate of generation of the ions is 
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critical in applications where t 



is a limit to the effect of the ions on sul 




in contact with the 



ionized water. 

In the common form of electronic water purification using a recirculating system, any or all of the above 
may detract from th efficacy of the process. The conditions at start-up cannot be maintained for long 
periods and it is not a simple matter to determine the frequency of anod cleaning necessary to combat the 
fall-off of performance. Also, determining the setting for the potentiomet r is by trial and error. The usage 
often changes rapidly and there are often long spells of no through-put eg in a domestic water system, or 
the load may und rgo large and irregular changes, eg in a swimming pool where the bathing load may 
change considerably from day to day. 

The general object of the present invention is to provide an improved electronic water purification 
technique. 

The crux of the present invention is the provision of an ion supply unit which is fed directly from the mains 
supply to the water system to be controlled (ie to have its contents purified) and which generates ion-laden 
water (concentrate) which is then injected into the water system as required. The ion supply unit preferably 
comprises a tank, an ioniser, and a pump coupied to circulate water from the tank through the ioniser and 
back into the tank. The concentrate is infected into the water system either as water is drawn from that 
system or at suitable intervals as water is circulated in that system. The water system will normally use 
water (ie have water drawn from it or lose water through wastage, evaporation, etc) at a sufficient rate that 
it will require replenishment at a rate whtoh can incorporate the required amount of concentrate; however, 
in extreme cases it may be necessary to drain off a small amount of water therefirom to allow the required 
addition of concentrate. 

In tiie present system, the ion supply unit is isolated from the water system, ie it is esentiaily "upstream" of 
the water system. The ton supply unit is therefore unaffected by any problems associated with the 
recirculatton of water, such as the concentration of calcium or chlorides discussed above. 

The present process is particularly suitable for applications where temperature, tolerance levels, dose rate, 
and ion distribution may cause problem in controlling bacteria, algae and fungi when using traditional ion 
application techniques. 

In an altemative form of the present system, the ton supply unit comprises a reservoir whteh can be refilled 
with concentrate generated at and supplied from a central statton. Preferably such concentrate is stabilized 
by acidifying it to a suitable degree. A convenient acid to use for this purpose is citric acid, and a suitable 
pH is around 5.5; however, other ackfs can be used if desired. 

A water purification system embodying the invention, and various modifications thereof, will now be 
described, by way of example, with reference to the drawings, in whteh: 

FIG. 1 is a general block diagram of a swimming pool; and FIG. 2 is a block diagram of the water 
purification system therefor. 

Refsning to FIG. 1 , a swimming pool 10 has a water control housing 1 1 which contains a recirculating 
pump 12, a filter 13, and a filler valve 14 connected to a main water supply IS. The pump 12 draws water 
firom the pool 10 and passes it through ttie filter 13 which cleans it end returns it via an outlet pipe 16 to the 
pool. Any k>ss of water from the pool is replaced by fresh water from the main 1 5 under the control of the 
valve 14. A further valve 17 in the output from the pump 12 allows the water to be diverted to a waste outlet 
18 if the pool in to be emptied. These components are all conventional. 

In addition, the housing 11 contains an ion supply unit 25, whtoh is coupied to the mains supply line 15 and 
the water return pipe 16. This unit is operated a suitable intervals, eg daily, to inject concentrete into the 
pool water. The point of injection is immediately before any chemical biocide (such as chlorine) is injected, 
but must be after the main fitter 13. 

FIG. 2 shows the main components of the ion supply unit 25. which consists of a fully dual system. There is 
a pair of tanks 26A and 26B. each in turn operating as a concentrate source while the other operates as a 
concentrate generator. The tanks should ach be large enough to hokl sufficient concentrate of ionized 
water for a full working day's operation, eg for a swimming pool in use over 12 hours per day. 

Suppose that tank 26A has been operated am a concentrate generator and contains concentrate with the 
required concentration of ions. At the appropriate time in the operation of the pool 10, a valve 27 is s t to 
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select tank 26A and a pump 2^^aws th concentrate from that tank for in^lon into the pool water via 
pipe 16. When this process has been completed, tank 26A is recharged. For this, it is refilled to the top 
operating level from the main supply 15 via an input control valve 29A. When th level reaches a top 
sensor the filling valve ctoses and the recharging of the concentrate commences. For this, its contents are 
circulated through an ionizer 32A by means of a pump 33A, these units being coupled to the tank 26A by 
means of suitable settings of two control valves 30 and 31 . When the desired ion level is r ached the 
ionizer is shut down. 

The charging perk)d must be sufficient to provide the ion requirement for a selected period, for example, for 
a full working day for a larger swimming pool. 

Tank 26B is operated in the same way as a concentrate generator when tank 26A is acting as a 
concentrate dispenser and as a concentrate dispenser when tank 26A is acting as a concentrate generator. 
A continuous water treatment by injection of the ion concentrate can thus be achieved. 

The pump and ionizer pair 32B-33B are nomnally used with the tank 268. However, either of the pump and 
fonizer pairs, 32A-33A and 32B-33B can obviously be used with either of the tanks 26A end 26B. A single 
pump and ionizer could of course be used for both tanks; the provision of two pumps and ionizers gives a 
degree of redundancy and allows either pump or ionizer to be taken out of use, eg for servtoing, without 
affecting the operation of the system. 

The ion supply unit includes an electrical control unit 34 whk^h controls the ion dosage rate to the water to 
be treated. The dosage rate and ion production unit are preferably integrated at the factory, eliminating the 
need for specialist involvement in installation at site. The control unit is preferably settable to have up to 10 
settings of concentrattons, depending on the application. A flow indicator, selected concentration display, 
pulse display and many other options can be incorporated. 

The valves and pumps can be operated manually or controlled automatioalty, and if they are operated 
automatically, they may be electrically or hydraulteally controlled by the control unit 34. Automatic control 
eliminates the need for operator attendance at possibly inconvenient hours, and the danger of incompetent 
adjustment of the various controls (valves, pumps, etc). If appropriate, explosion*proof solenokls may be 
used which can be safely operated in hazardous environments. 

The injection rate may t>e determined by checking the copper level in the pool, eg by a simple Lovibond or 
similar test. Once the injection rate has been set to achieve the required level, the only adjustment normally 
necessary is to increase the rate marginally t>efore a heavy bathing load is antteipated and to reset it after 
the pool returns to normal usage. 

For a swimming pool, suitable ion levels may be around 1 ppm for copper and 0.1 ppm for silver. For a pool 
of 700,000 L, a convenient size for the tanks 26A and 26B is 250 L, and a suitable ion fevel in the 
concentrate may l>e around 50 ppm for copper and 5 ppm for silver. The circulatfon rate through the 
ionisers 33A and 33B should be greeter then about 1 L/s, to avoM build-up of silver oxides on the anodes, 
ttie anodes may consist of an alloy of 90% copper, 10% silver. (The anode composition will nonmaily be 
chosen to fit the intended purpose of the system. For purifying drinking water, the copper/sih^er ratio may 
be reduced to say 70:30; for other purposes, the copper may for example be replaced by zinc, and the 
silverAEinc ration may be 80:20.) 

If desired, each toniser may contain two separate electrodes of different compositions, so that by varying 
the currents fed to the electrodes, ttie concentrations of the different tons may be controlled independently. 
Alternatively, each ioniser may comprise two sub-ionisers connected in series and having electrodes of 
different compositions. One electrode or sub-ioniser may be used as the main electrode, with the other 
being brought into operatton as well when required. 

For a swimming pool, the injection of concentrate will normally be carried out in the hours when the pool is 
in use. Thus the control unit (timer) may be set to commence injection of tons into the pool recirculation 
system 1 hour before tiie bathing load is anticipated, to ensure ttie pool is sufficiently treated injection may 
continue tiirough the period of use. ending eg 1 hour after ttie pool is closed for the day. It is desirable to 
g nerat the concenta^ate a reasonably short time t>efore it is required for use (injection into the water 
system. 

if the tank contents fall to a level whtoh trips a low sensor b fore the timer has shut off the injection pump, 
th injection is interrupted and the refill and charging commences. An alami system can be incorporated to 
warn staff ttiat ttie tank has emptied eariier than anticipated and that the cause needs to be investigated. 
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Obviously this simple process can be applied in other situations where continuous dosing is not necessary. 
With suitable changes to the control procedure, this system can of course also be used to provide a 
potentially continuous dosing. 

Instead of the double tank system described, a single tank system can b used if desired. This will not b 
as flexible as a double tank system, but will obvtously be cheaper. The level in th tank will fall over the 
injection period, but the tank should not be allowed to empty completely. For a swimming pool, the tank will 
need to be topped up and recharged after the pool has ck>sed for the day, ready for the next day's use 
(injection of concentrate). The single tank system has appltoatton in any water treatment process where 
there is a "quief period pennitting recharging time. 

The swimming pool applications discussed above are essentially batch-operated systems. There are also 
applications where a close and more continuous control of injection is necessary, for example in irrigation 
systems or domestic, commercial and industrial water systems supplied from a mains-fed break tank. In 
these, the ton levels must be maintained within ctose tolerances. 

For this, the ion injection pump (ie ttie pump which controls the injection of the concentrate into the water 
system) is conta-olled by a pulse meter controller. The flow of water to be treated controls the input of 
concentrate via a flownmter whteh sends a signal to the pulse meter which in turn controls the injection 
rate. For some applicatbns the injection pump may be electrically driven, but for most requirements a 
hydraufc diaphragm injection pump can be used witti the hydraulic operating pressure being supplied from 
the pressure of the water to be treated. 

The ion injection pump preferably has plurality of possibfe settings. Once the system has met up and the 
dosing rate (pump setting) detennined, the system is ttien automatic. If the flow rate in eg an imgatkDn or 
similar system increases or decreases, then tiie pulse conU-oller adjusts the dosing rate to maintain the 
correction injection. 

On commissioning a system, or where an additional input of ions is necessary, ttie pulse controller can be 
set to a higher point to rapidly charge up ttie water being treated, then reset to nomial. 

Where ttie system is applied to a break-tenk water system, the flow meter is positioned after the booster 
pumps so that when these operate the flow initiates the injection of concentrate into the discharge pipe 
after the flow meter. In such a system a small bleed of the Ionized water is preferably led directly from the 
injection tubing to the ball valve end of the break tank to provide some degree of purification of ttie water in 
ttie tank. For a drinking water system, it may be convenient to set the injection rate to about 1% (of 
concentrate to the total volume of water flowing through the system). 

The process is set up to ensure tiiat sufflcient ions are available at all water outlets, tops, showers, 
sprinklers ete to combat Legtonella and to deal with any seepage from dead-4egs. Part of the 
commissioning of domestic water systems involves pulling ionized water for several minutes through all 
such outlet. The increase of the injection rate to ttie highest setting during this phase assists in cleaning up 
ttie system. Similarly, if for any reason the bacteria fevels are found to be high at any time, the system can 
be set to a high injection rate by adjusting the pulse controller. Other methods of ionization cannot respond 
rapidly if and when required. 

The present system reduces or eliminates the difficulty of making instellattons in damped environments. 
The size of the concentrate tenk(s) can be adjusted, with a wkle range, in dependence on the amount of 
space available, with ttie ion concentration in the concentrate being adjusted accordingly. Thus in an 
extaneme situation such as on a ship, the concenb'ate tenk may be extremely small (eg 1.5 L), with the ton 
concentration being say 500 times that used for a swimming pool. 

Copper levels are commonly used to determine the presence of ions in the fa-eated water. However, if the 
present water purification system is applied to a domestic hot and cold water system, a silver monitoring 
unit may be included to ensure tiiat silver level never fells below Ineffective bactericidal levels or exceeds 
water drinking standards where applicable. The use of a silver monitoring unit is valuable where ttie water 
being treated is aggressive and may leach copper from copper pipes, as this can give false readings 
copp r level readings. 

Silver I vel monitoring is also of parttoular value to Legionelta-sensittve premises, such as hospitals where 
immuno<lepressed patients resid . In such systems, the silver I vel may also be depleted by ttie killing of 
residual bacteria, which wouki also result in the silver level d viating from the normally corresponding 
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Th silver monitor can conveniently be positioned in a loop from the flow chosen as the most suitable point 
for monitoring (for example, in a hot water circulating system close to the return to the calorifier). The unit 
consists of a cell through which a part of the treated water passes at about 1 .5 litres/minute. The control 
unit adjusts the sliver I vel in the concentrat appropriately, raising it if the lev 1 detected by the monitor is 
low. If the silv r level d tected by the monitor is high, the the concentrate injection may be interrupted or 
terminated. 

The silver level may be sampled periodically, with the sample water being dumped after the test. The 
period between tests can be varied. An alann can be arranged in the system to operate if the silver level 
falls below a predetermined level. 

With silver level monitoring, there is no need for chemical biocides in addition. In water heating systems, 
there is also no need to maintain water temperature at 60 DEG at the catorifier to eradicate Lagionella. The 
assurance of the presence of silver at the levels presented in the treated water will permit hot water 
systems to be operated at energy-saving level of 43 to 45 DEG C. safely. 

In the present system, the ion production in the ion supply unit is at a high level. This enables the system to 
respond rapidly if the ion level in the water system needs to be raised. In contrast, in standard recirculating 
systems ion production is nonnally only required to wori( at approximately half the designed output, so that 
such systems are thus over-designed for normal operation. Such systems are slow to meet any special 
needs by raising the ion production rate. 

If there are several water systems to be purified, they can be coupled to a common ion supply unit, with 
each coupling determining the dosage rate for its water system. For example, in a 3-pool swimming pool 
complex with separate circulating systems for each pool, the charged tank can be run down to 3 day-tanks, 
each with its own injection system. The same could apply for a number of cooling towers where one control 
concentrate system provides the daily fill for the separate towers. 

The present system (including its variants) is usable in many different applications. The flexibility of the 
system will cover most requirements in commerce, industry, agriculture, and horticulture. Multiple units can 
be arranged where necessary, or the concentrate level or charging tank sizes can be altered to suit. The 
types and levels of ions will be chosen to suit the particular application. Thus the ion level will nonnally be 
kept very much higher in a cooling tower system than in a swimming pool or drinking water system. For 
certain agricultural, horticultural, and similar applications, the ions injected into the system may include ions 
chosen for their beneficial effects on the plants or animals utilizing the water. 

The present system is also easily maintained The anodes in the ionizers shoukJ be checked visually at 
intervals of the order of every two weeks: if fouling is observed, ihe pump should be isolated the anode 
chamber cover removed, and the anodes wire brushed to remove deposits and turned to even the wear. 
The anodes will also require replacement at intervals, typically of the order of 1 1/2 to 2 years. Sediment 
may accumulate on the bottom of the tanks, which should be checked at intervals of the order of every two 
weeks and drained and wash through with mains water as necessary. The double tank units can be 
maintained without interruption of injection by carrying out the routine t>efore the empty tank is filled. 

In a nfK)dification of this system, concentrate can be generated at a central station end then transported to 
operating stations in suitable containers and used to fill tanks at those stations which ore then used to feed 
the concentrate into the water systems to be purified. For this, we have found it useful to stabilize the 
concentrate by acidifying it to a suitable degree. A convenient acid to use for this purpose is citric acid, 
since that is a natural acki which therefore has few or no harmful effects; however, other ackis (eg 
sulphuric or nitric acki) can be used if desired. A suitable pH is 5.5. 
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We claim: 

1 An ion supply unit for a water system which is to have its contents purified, comprising: 
a tank arrangement connected to be fed from a main water supply; 
an lectrolytic ion generator arrangement including silver alloy anodes; 

a pump coupled to circulate water from th. tank anrangement through the ton generator arrangement and 
back into the tank arrangement at a rate of at least 1 Us for gradually ionizing the contents of the tenk 
arrangement and thereby generating a concentrate of silver*ion-laden water and avoM silver oxide buildup 
on said anodes; and 

an injector arrangement coupled with the tenk aaangement for injecting the concentrate into the water 
system as required. 

2. The ion supply unit of claim 1 wherein the tank arrangement includes a pair of tenks connected in 
parallel and aaanged for alternate operation. 

3. The ion supply unit of claim 2 wherein the generator arrangement includes a pair of electrolytic ion 
generators connected in parallel and an-anged for alternate operation. 

4. The ton supply unit of claim 1 wherein the generator arrangement includes a pair of electrolytic ion 
generators connected in parallel and arranged for alternate operation. 

5. A method of supplying ions to a water system which is to have its contents purified, comprising: 
feeding water from a main water supply to a tenk; 

circulating water at a rate of at least 1 Us from the tenk through an electrolytic ion generator including silver 
alloy anodes and back into the tank to gradually ionize the contents of the tank and thereby generate a 
concentrate of silver-ion*laden water and avoid silver oxkJe buildup on said anodes; and 
injecting the concentrate into the water system as required. 
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